Classification of Temperature 





Measurement Devices 


The materials of construction, temperature range, accuracy and control 
requirements for each type of temperature-measuring device varies, but 
the key function remains the same. 


By Wayne Hayward, Athena Controls 


emperature is a critical — 
and constantly measured — 
controllable process variable 


for engineers with applications 
ranging from water feed to a boiler to 
the temperature inside an induction 
furnace. In fact, temperature 
measurement in industrial processes 
covers a diverse universe of needs. 
To meet these needs, 
manufacturers of process controllers 
have developed many sensor 
types and devices. The choice of 
temperature-measurement device 
depends — most importantly — on 
the characteristics desired in the 
sensors: 


¢ Materials of construction. 
Temperature-sensing range. 


Degree of accuracy. 
¢ Control requirements. 
¢ Operating environment. 


In general, however, temperature 
measurement can be classified into a 
few categories: 


e Thermometers. 
e Probes. 
¢ Noncontact devices. 


Over time, those three types are 
the primary temperature sensors used 
in industrial processing. This article 
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will take a closer look at each and how 
they can best serve today’s industrial 
processes. 


Thermometers 

Thermometers are the oldest 
type of temperature-measurement 
device. They appeared in the 1500s in 
the form of an air-thermoscope, the 
forerunner of the glass thermometer. 
Today’s thermometers are capable 
of highly precise measurements. 
The accuracy and uniformity of the 
bore made in the glass tube is their 
only limitation in terms of precision. 
They originally used mercury as the 
temperature-sensing medium. 





Many modern thermometers use 
fluids other than mercury due to the 
hazards of spilled mercury. These 
fluids typically do not have the high 
temperature capabilities that mercury 
does; however, the newer mediums 
have been engineered to have specific 
rates of expansion. 

One major drawback of the glass 
thermometer is the limited pressure 
capacity and fragile nature of the 
glass. These factors led to the use of 
thermowells. A thermowell is a closed- 
end metal tube that is inserted into the 
chamber or fluid. The thermometer 
sits in this thermowell, making contact 
with its sides. 

The accuracy of a thermometer is 
dependent on both the manufacturing 
process and its usage. Pressure exerted 
on the bulb can affect the reading, 
and the amount of immersion in 
the fluid to be measured also can 
have a dramatic effect on accuracy. 
Because they are not designed to be 
totally immersed, most commercial 
thermometers have lines etched into 
them to show the calibrated depth of 
immersion. 

It is possible to use a glass-tube 
thermometer as a control-loop 
measure by placing a conductive 
element inside the glass tube. When 
the mercury makes contact at the 
desired operating point (and witha 
second contact at the bottom), you 
can create an electrical switch. There 
was a time when these were the 
predominant control device, but now 
they are considered antiques. 

Originally, the bimetal 
thermometer was designed to be 
less accurate but more rugged and 
robust than the glass thermometer. It 
is constructed of a metal-sensing rod 
(which conducts the temperature), 
the thermal element and a scale. The 
bimetal sensing element consists 
of two different metallic materials 
sandwiched together. As the 
temperature rises, the metallic 
components of this element expand — 
but at different rates. This difference 





Many modern thermometers use fluids other than mercury due to the hazards 
of spilled mercury. These mediums have been engineered to have specific 
rates of expansion. These fluids typically do not have the high temperature 


capabilities that mercury does, however. 


in expansion rates creates a stress and 
motion. If an indicator is connected 
to the element, this motion can be 
displayed and measured. A good 
example of these type of sensors can 
be seen in the analog thermostat 
in many homes. In those devices, a 
bimetallic spring is connected to an 
indicator and a mercury level switch. 
The winding and unwinding action 
of the bimetallic spring moves the 
indicator, activating the switch. 
Generally speaking, the bimetallic 
thermometer is accurate and 
inexpensive, which is why they 
are still prevalent in industrial, 
commercial and residential 
environments. 


Temperature Probes 

The next evolutionary step in 
temperature measurement was the 
temperature probe. 

The principles and theory 


associated with thermoelectric 

effects were not established by any 
one person, but the discovery of 
thermoelectric behavior generally is 
attributed to Thomas Johann Seebeck. 
In 1821, Seebeck discovered that, ina 
closed circuit made up of wire of two 
dissimilar metals, electric current will 
flow if the temperature of one junction 
is elevated above that of the other. 
(Seebeck’s original discovery used 

a thermocouple circuit made up of 
antimony and copper.) 

In 1826, an inventor named 
Becquerel used the first platinum- 
vs-palladium thermocouple. This 
led to today’s common industrial 
temperature-measurement devices. 
This resistance element was the first 
in a series of devices that are not 
classified as probes or transducers. 
Instead, they fall into three general 
categories: 
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Probes are capable of measuring temperature, but they need additional 
instrumentation or circuitry to make and display any measurement. In general, 
modern devices are electronic, and the display is in the form of a resistance, 
voltage or current, which is scaled and displayed. 


e Resistance elements. 
¢ Thermopiles. 
¢ Semiconductors. 


While the device Becquerel used 
was actually a resistance element, 
the term “thermocouple” is used to 
describe the voltage-creating devices 
in the thermopile classification. 
These types of probes are capable 
of measuring temperature, but they 
need additional instrumentation or 
circuitry to make and display any 
measurement. Most modern devices 
are electronic, and the display takes 
the form of a resistance, voltage or 


current, which is scaled and displayed. 


Resistance Elements 
Resistance elements were the 
first probes, and early inventors 
understood the relationship between 
temperature and the resistance of 
different elements. This gave rise to a 
series of elements called thermistors. 
The thermistor is a thermal-resistance 


20 PROCESSCOOLING May 2020 


element that changes resistance with 
temperature, where temperature is 
measured by passing a small DC 
current through the device and 
measuring the voltage drop produced. 

The second type of device in this 
class is a resistance temperature 
detector (RTD). Developed after the 
thermistor, the RTD was created 
to achieve greater accuracy. Today, 
the RTD is one of the most accurate 
measuring devices available. An RTD 
works on the principle of changes 
of resistance of pure metals. The 
platinum RTD is the standard for high 
accuracy measurement. However, 
while these devices are far more linear 
and accurate than thermocouples, 
their response time is slower, and they 
are more expensive. 

Let’s take a closer look at 
thermistors and RTDs. 

Thermistors. The thermistor is a 
nonlinear device in which electrical 
resistance changes with temperature. 
Originally fabricated from loops of 


resistance wire, modern thermistors 
use a sintered semiconductor material 
capable of large resistance changes for 
a small change in temperature. These 
devices have a negative temperature 
coefficient — meaning that as the 
temperature increases, the resistance 
of the element decreases — they 

but have superior accuracy. The key 
advantages of thermistors are their 
small size and low cost. Their key 
disadvantage is fragility, which limits 
their use in industrial applications. 

Typically, thermistors are found in 
bead or probe designs. The bead-type 
device is not particularly rugged. It is 
compact and inexpensive, however, so 
it is commonly used to measure the 
temperature of air or other gases. Flat 
beads encapsulated in rectangular 
blocks of engineered plastic also are 
available. They can be glued to hard 
surfaces. 

Probes are thermistors that are 
encapsulated in long tubes that are 
typically made from stainless steel. 
The probes are rugged and designed 
to be inserted into holes drilled into 
solid materials. They also can be 
inserted directly into fluids. 

Thermistors can have very high 
accuracy, but this is affected by many 
factors, including the construction 
of the resistor material, the choice 
of circuitry to read the sensor and 
the linearization algorithms used. 
While the thermistor is a good choice 
for small measurements that do not 
require high precision, it is no longer 
considered the standard in electronic 
temperature measurement that it 
once was. 

Temperature ranges for thermistors 
typically run from around -112 to 
302°F (-80 to 150°C). A thermistor’s 
usable range depends on its ability to 
provide reasonable resistance changes 
over a wide temperature change. 

Resistance Temperature Detectors 
(RTDs). The term “resistance 
temperature detector” technically 
includes thermistor devices; however, 
the term “RTD” has come to represent 
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The bimetallic thermometer is accurate and inexpensive, which is why they are 
still widely used in industrial, commercial and residential environments. 


the specialized pure-metal detector 
rather than the more generic 
semiconductor resistance element. 
These pure-metal devices are highly 
accurate and stable over long periods 
of time, unlike the thermistor. The 
platinum RTD is a linear device, 

and its resistance changes linearly 
proportionally to temperature. The 
purity of the metal is a factor in how 
accurate the transducer is. Also, while 
platinum is the standard, nickel, 
copper and tungsten are used. 

The temperature range of a 
platinum RTD typically runs from 
-454 to 1562°F (-270 to 850°C) — a 
much wider range than that of the 
thermistor. The temperature range is 
broken into two classes of accuracy 
and deviation. 

Also, there are RTD probes with 
other base resistances such as 500 and 
1000 Q at 32°F (0°C). They typically 
are used in lower temperature 
applications. 

When using RTDs, other accuracy 
issues also must be considered. Like 
the thermistor, an RTD is a resistance- 
based device; therefore, to read the 
resistance, a known DC current flows 
through the device. The voltage 
generated across the resistance yields 
the proper temperature, but too large 


of a current flow can cause self-heating 
and affect the measured temperature. 
Ideally, the current and voltage should 
be kept as low as possible to prevent 
these self-heating effects. Several 
wiring combinations have been 
developed to minimize this and also 
keep noise to a minimum. The most 
popular combinations are: 


e Two-wire RTD. 
e Three-wire RTD compensated. 
e Four-wire RTD connected. 


The two-wire RTD configuration 
provides one connection to each end of 
the sensor. Two-wire RTDs are suitable 
when the resistance of the lead wire 
can be considered an additive constant 
in the circuit, and when changes 
in lead resistance due to ambient 
temperature changes may be ignored. 

The three-wire RTD compensated 
configuration is the most commonly 
used. It provides one connection to one 
end of the sensor and two to the other 
end. When connected to an instrument 
designed to accept a three-wire input, 
compensation is achieved for lead 
resistance and temperature change in 
lead resistance. 

The four-wire RTD connected 
configuration provides connections 
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In RTDs, the current and voltage should 
be kept as low as possible to prevent 
self-heating effects. Several wiring 
combinations have been developed 

to minimize self-heating and keep 
electrical noise to a minimum. 


to each end of the sensor. It is used 
for measurements requiring highest 
precision. 


Thermopiles 

It was explained earlier in the 
article that T.J. Seebeck found that 
a circuit made from two dissimilar 
metals, with junctions at different 
temperatures, would deflect a 
compass needle. He realized that this 
was caused by an electrical current 
created by the temperature difference 
and — perhaps more specifically — 
the temperature difference produces 
an electrical potential. This is now 
known as the Seebeck effect. The 
voltage difference generated by 
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A thermopile is a group of 
thermocouples connected in series. 
While the thermocouple commonly 

is used as a single-junction device 

in industry, the thermopile device 
consists of many thermocouple 
junctions arranged such that thermal 
radiation can be absorbed by one set 
of junctions (the active junction). 


2 TEMPERATURE MEASUREMENT 


two junctions of dissimilar metals 
is directly proportional to the 
temperature difference between the 
two junctions (Th, Tc). This is the 
basis for the thermocouple invented 
by Nobili in 1829. 

The reverse effect was discovered 
by Jean Charles Athanase Peltier. 
The Peltier effect, as it is called, 
shows that when a current is passed 
through a junction of dissimilar 
metals in a certain direction, the 
junction will heat up. If the current 
is passed in the opposite direction, it 
will cool down. 

The thermocouple itself has 
become the industry standard for 
most measurement applications due 
to its extremely low cost, ruggedness 
and wide range of measurable 
temperatures. 

While the thermocouple is 
commonly used as a single-junction 
device in industry, a thermopile is a 
eroup of thermocouples connected in 
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series. As such, the thermopile device 
consists of many thermocouple 
junctions arranged such that thermal 
radiation can be absorbed by one set 
of junctions (the active junction). This 
causes a differential temperature 
between the set of active junctions 
and the reference junctions, thereby 
producing a voltage. This makes 
thermopiles particularly useful for 
measuring thermal radiation in a 
particular wavelength. 

Part two of this article series 
will look further at thermocouples 
and at some noncontact devices 
for measuring temperature. It will 
conclude with a discussion of the 
different types of control because 
measurement is only half of “the 
equation.” PC 
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